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reproducibility criteria and provide an accurate and reliable measure 
of sympathetic and parasympathetic nervous ystem function (3,4). 
However, there is general agreement with respect to the derivation 
of reference values for the tests of autonomic function. Autonomic test 
results are dependent on a number of variables that include patient age 
and laboratory test technique. It is therefore ssential that clinical and 
research autonomic laboratories establish their own age-based refer- 
ence values using standard statistical techniques and not merely use 
normal values derived from published reports, as suggested by Siddiqui 
(3-5). 
ROY FREEMAN, MD 
STUART ZARICH, MD, FACC 
RICHARD NESTO, MD, FACC 
Cardiovascular nd Neurology Divisions 
Deaconess Hospital/Harvard Medical School 
Boston, Massachusetts 02215 
References 
1. Ryder REJ, Hardist 3, CA. Which batte~' of autonomic tests? Diabetologia 1990;33:177-9. 
2. Wieling W, van Lieshout JJ. Thc assessment of cardiovascular reflex activity: standardiza- 
tion is needed. Diabetologia 1990;33:182-3. 
3. Low PA, Pfeifer MA. Standardization of clinical tests for practice and clinical trials. In: Low 
PA, editor. Clinical Autonomic Disorders. Boston: Little Brown, 1993:287-96. 
4. Ziegler D, Laux G, Dannehl K,et al. Assessment of cardiovascular autonomic function: age 
related normal ranges and reproducibility, of spectral nalysis, vector analysis, and standard 
tests of heart rate variation and blood pressure sponses. Diabetic Med 1992;9:166-75. 
5. O'Brien IA, O'Hare P, Corrall RJ. Heart rate variation i healthy subjects: effect of age and 
the derivation f normal ranges for tests of autonomic function. Br Heart J 1986;55:348-54. 
Integrated Doppler Backscatter Power 
We read with interest he recent report by MacIsaac et al. (1). The 
theoretic background used in this report requires ome clarification. 
We agree that the power of the Doppler signal is proportional to the 
volume of insonated blood in motion. This relation is also known as the 
zeroth moment of the Doppler spectrum (2). In contrast, blood volume 
flow is proportional to the first moment of the Doppler spectrum, 
which represents the integrated sum of the product of Doppler 
backscatter power multiplied by the velocity of the corresponding 
scattering particles (2). Quantification of mitral regurgitation requires 
the calculation of total and forward stroke volumes. Total stroke 
volume is assessed from the first moment of the Doppler spectrum of 
the mitral inflow, whereas forward stroke volume results from the first 
moment of the Doppler spectrum of the left ventricular outflow tract. 
In the study by MacIsaac et al., total stroke volume as well as forward 
stroke volume were derived from the zeroth moment of the Doppler 
spectrum on the basis of the false assumption that "the volume of 
blood in motion has a constant relation to the volume of flow and that 
integrating the Doppler backscatter power over the duration of flow 
will provide a result proportional to the volume of blood flowing across 
the valve" (1). 
Moreover, we were surprised that the issue of adequacy of beam 
width of the Doppler beam was not addressed at all by MacIsaac et al. 
in their report. According to our experience (3), the width of the 
continuous wave Doppler beam, depending on the equipment used, 
might often be considerably ess than the cross section of the interro- 
gated annulus. This is true for most commercially available continuous 
wave Doppler systems. 
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Use of Backscattered Doppler Signal 
Intensity in Estimation of Volume 
Flow Ratios 
Maclsaac et al. (1) propose an interesting new method for assessing 
mitral regurgitation using the power of the backscattered Doppler 
signal. Central to this approach is the theory that the Doppler signal 
intensity is proportional to the flow volume insonated. However, to 
apply the theory to flow across a valve annulus, two conditions must be 
met: 1) The depth of flow measurement must be restricted to the level 
of the annulus; and 2) the full cross-sectional rea of flow must be 
insonated by the Doppler beam. Five studies have been reported (1-5), 
including the recent investigation by MacIsaac et al., that estimate flow 
ratios using backscattered signal intensity using continuous wave 
Doppler. Unfortunately, continuous wave Doppler satisfies neither of 
the two previous conditions. 
1) The depth of flow measurement must be restricted to the level of the 
annulus, The continuous wave Doppler samples flow along the entire 
length of the Doppler beam. If the continuous wave Doppler beam is 
placed in the mitral annulus from the apical window to evaluate mitral 
inflow, for example, one would also be gathering information about 
pulmonary venous inflow as well as flow within the left ventricle during 
diastole, Not only is flow sampled at multiple sites simultaneously, but 
also the same volume of blood will be insonated more than once 
depending on how long the sample remains within the Doppler beam. 
Thus, the same volume of blood may be counted multiple times 
throughout the time of volume flow evaluation. (Idealized in vitro 
studies were able to overcome these limitations by interrogating flow 
through tubes at an angle [6-13]. In this manner, the continuous wave 
beam insonated the cross-sectional area of flow at one site in the tube 
only.) 
2) The full cross-sectional rea of flow must be insonated by the 
Doppler beam. When the mitral valve annulus or aortic annulus is 
interrogated from the apical window, only a small portion of the flow 
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profile is insonated by the ultrasound beam. The central regions of flow 
are interrogated by the beam, but the lateral areas of flow are not 
accounted for because the Doppler beam width cannot encompass the 
entire area of flow. Unless the flow profile through the region of 
interest is flat, a significant amount of error in the Doppler frequency 
profile and power spectrum will be incurred by this nonuniform 
insonation of flow (14,15). 
Given the pitfalls of continuous wave Doppler, it is intriguing that 
Maclsaac et al. found good correlation between regurgitant fractions 
measured at cardiac catheterization and the regurgitant fraction 
estimated by the backscattered signal intensity analysis. A possible 
explanation for their results may be a fortunate cancellation of 
repeatedly sampled flow volumes in the mitral inflow with those in the 
aortic outflow region. In fact, given the continuous wave Doppler 
considerations described above, this must be the case. Although this 
method may be potentially useful in the patient population described, 
caution should be exercised when interpreting such data because there 
are theoretic oncerns about he observed outcome, and, depending on 
anatomy and flow conditions the fortunate cancellations may not 
always occur. 
How can these concerns be overcome? One possible solution is the 
application of pulsed wave Doppler. The essential properties of 
backscattered signal intensity should be equally applicable to pulsed 
wave Doppler ultrasound (16). Pulsed wave Doppler satisfies the first 
sampling requirement by allowing the user to focus at a specific 
location. However, the problem of adequate beam width still remains 
when pulsed wave Doppler is applied to intracardiac flow. This 
limitation may be addressed by one of two possible approaches: 
1) Assume velocity profiles across the cross-sectional area of flow; or 
2) utilize special hardware that is capable of insonating a wide 
cross-sectional area of flow, similar to pulsed wave dual-beam Doppler 
echocardiography (17). 
The benefit of using backscattered signal power to assess flow 
ratios is that this method may be applied without knowledge of the 
cross-sectional area of flow. Although beam width would need to be 
adjusted for the approximate annulus size so that the beam area is 
greater than or equal to the flow area, precise beam width would not 
be a requirement if other sites of flow were avoided during the 
Doppler interrogation. 
In summary, applications of Doppler backscatter theory to estima- 
tions of flow ratios using continuous wave Doppler are limited by two 
fundamental pitfalls. Conventional pulsed wave Doppler overcomes 
one of these limitations, and the availability of beam width adjustment 
should overcome the other, so that the full potential of this promising 
theory can be explored. 
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Reply 
We thank Ritter and colleagues and Tacy and Cape for their com- 
ments about the theoretic background to our report. Although Ritter 
and colleagues agree that the power of the Doppler signal is propor- 
tional to the volume of insonated blood in motion, they argue we 
should not have used the power of the Doppler signal but its first 
moment o calculate flow. This latter approach, often referred to as 
"intensity weighted mean frequency," generally involves the use of a 
pulsed Doppler system to define a (relatively short) sample volume 
that encompasses the flow cross section. The first moment of the 
Doppler spectrum is calculated and integrated over time to yield an 
estimate of flow, The method is based on the idealization that the 
Doppler system is sampling an infinitely short cross section of the flow 
stream. Therefore, the signal power at each Doppler shift frequency is
proportional to that portion of the cross-sectional area over which the 
corresponding velocity value is to be found. Calculation of the first 
moment is then analogous to multiplying each velocity value by the 
corresponding area and summing all such contributions to estimate 
flow. In a variant of this concept, the "attenuation compensated flow 
meter" uses a narrow second beam to calibrate the relation between 
Doppler signal power and cross-sectional area. 
Our approach differs fundamentally from that just described. It 
uses continuous wave Doppler, which provides a signal whose power is 
proportional to the entire volume of moving blood within the region 
insonated by the ultrasound beam. Our hypothesis that this volume 
is proportional to the rate of flow through the corresponding valve 
orifice. As indicated in our report, a full theory of the anterograde flow 
through a valve orifice has yet to be developed, and hence there is no 
accepted model against which we can rigorously test this assumption. 
As a "first-order" argument, the cross-sectional rea of the flowing 
stream of blood may be proportional to the area of the valve orifice, 
whereas the length of the stream of flow may be proportional to the 
speed at which blood flows through that orifice. 
Both letters express concern regarding the Doppler beam width 
